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2026 work shifts have made insufficient sleep common among medical learn-

n medical education, time pressure, high information loads, and long

ers. Learners often sacrifice sleep for additional study time, although

the ability to learn itself is strongly dependent on sleep quality.

Basic neuroscience findings indicate that sleep, contrary to common belief, is
not a passive state but an active process involved in regulating synaptic balance.
During wakefulness, learning experiences are accompanied by synaptic strength-
ening across different brain regions. One influential framework is the synaptic

homeostasis hypothesis. According to this hypothesis, a relative and proportion-
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ate downscaling of synaptic strength during sleep, particularly slow-wave sleep,
may prevent synaptic saturation, improve the signal-to-noise ratio of neural activ-
ity, reduce cerebral energy consumption, and preserve the capacity for subsequent
learning [1]. This process is associated with sleep-specific changes in the neuro-

chemical milieu, neuronal firing patterns, and reduced input from external stimuli.

The hippocampus is one of the brain structures with a high degree of synaptic

Key Words: plasticity and plays a vital role in episodic memory formation. It binds novel items
Synaptic Plasticity, Sleep | (ywhat happened) with the context of an event (where and when it happened) into
Deprivation, Medical

Education. a coherent memory trace [2]. Accordingly, impaired hippocampal function may
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reduce the capacity to learn and organize new infor-

mation.

In a pivotal study, Kurinec and colleagues report-
ed that one full night of sleep deprivation signifi-
cantly impaired participants’ ability to bind items
with context on the following day. Participants who
had remained awake for one night performed more
poorly when remembering which speaker (context)
had spoken which word (item). Importantly, item-
context binding remained impaired even when the
individual items were successfully learned. The au-
thors’ analyses suggested that this finding could not
be explained solely by reduced vigilance and atten-
tion and that sleep deprivation may specifically af-

fect the binding of information [3].

This finding may have at least two potential im-
plications for curriculum planning and the organiza-

tion of educational shifts in medical education:

1. Reduced daily learning capacity: Learners
who are chronically sleep-deprived may experi-
ence difficulties not only in consolidating previous
learning but also in forming new memories on the
following day. During intensive clinical clerkships,
in which large amounts of new information are pre-

sented daily, this may reduce learning efficiency.

2. Difficulty connecting knowledge to clinical
context: Theoretically, impaired item-context bind-
ing may allow a learner to recall a clinical sign or
paraclinical finding while experiencing difficulty
linking it to the relevant disease, patient, or clini-
cal situation. Such impairment may affect clinical
reasoning and decision-making; however, direct ev-
idence linking this mechanism to diagnostic errors

among medical learners requires further study.

A substantial body of research on sleep and mem-

ory has focused on slow-wave sleep. During this
stage, coordination among hippocampal sharp-wave
ripples, cortical slow oscillations, and thalamocorti-
cal spindles is considered one of the proposed mech-
anisms supporting the replay and consolidation of
previous memories [4,5]. This coordination may fa-
cilitate the transfer and organization of information

between the hippocampus and cerebral cortex.

Research has also examined whether this natu-
ral process can be enhanced through external inter-
ventions. Some studies have shown that auditory
stimulation synchronized with slow oscillations can
improve memory consolidation [6]. Other findings
have reported an association between sleep-spindle
regulation and next-day hippocampal-dependent

learning [7].

However, findings from targeted sleep interven-
tions in humans have not been consistent, and not all
studies have produced sustained or clinically mean-
ingful improvements in memory [8]. This heteroge-
neity suggests that enhancing a single component of
sleep is not necessarily equivalent to reproducing

the full functions of natural sleep.

One possible explanation is that natural sleep
results from complex, endogenous coordination
among neural networks. Evidence on hippocampal-
cortical coupling indicates that memory consolida-
tion depends on the temporally coordinated interac-
tion of these structures [9]. Therefore, findings from
the experimental enhancement of selected sleep
features should be interpreted cautiously and should
not be translated directly into educational or clinical

interventions without supporting evidence.

Conclusion:

Learning Contemporary scientific evidence
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supports the view that sleep, beyond being a passive
period of rest, plays an important role in preserv-
ing synaptic plasticity and learning capacity. Sleep
deprivation may impair the brain’s ability to bind
new information to its appropriate context. In medi-
cal education, this mechanism may be associated
with reduced learning quality and difficulty organiz-
ing clinical knowledge; however, studies conducted
specifically among medical learners are needed to
determine its direct effects on clinical performance
and diagnostic errors. Accordingly, educational
planning should consider shift patterns, avoidance
of chronic sleep deprivation, and adequate sleep as a

biological requirement for learning.
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